The Origin of the Heavy Element
Content Trend in Giant Planets
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Planet Radius (R))
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Estimate of the heavy element mass in

observed exoplanets
e.g., Guillot et al 2006; Miller & Fortney 201 |;Thorngren et al 2016
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Target selection: relatively cool close-in exoplanets

Distribute heavy elements in cores and envelopes,
and compute the radius evolution of planets



Results of Thorngren et al 2016 (T16)
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My o< M, with I' = 0.61 £ 0.08 ~ 3/5
Ly Mz

Zp _ 3 T —
Z. M,z oc M with (3 0.45+0.09 >~ —2/5

' — 1~ (3 => Mz and M, are almost independent of Z,

Mz : the total heavy element mass in planets with the mass of M),
Zs :the metallicity of the host star



Planet Formation
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Power-law
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Gas accretion is limited by disk evolution, following Tanigawa & lkoma 2007
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Gas accretion is limited by disk evolution, following Tanigawa & lkoma 2007

Planets accreted solids from planetesimal disks
at the formation stage
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Gas accretion is limited by disk evolution, following Tanigawa & lkoma 2007
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Power-law
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Hasegawa et al. 2018, Ap| in press
S umim ary (arXiv:1807.05305)

Observed warm Jupiters tend to have correlations:

7 M, 1
M M3/5 ~“p _ Z M—2/5
Z % Z, M, Z, P
We show that accretion of solids from

disks can reproduce the above trends better

Our results indicate that core formation, pebble accretion, and
dust accretion accompanying gas accretion are Important

Runaway gas accretion is for some planets with
mass of M, ~ 20 — 100Mg

Our analysis can the results of detailed
population synthesis calculations (Mordasini et al 2014)

Our results suggest that evolution of
can be explored in the Z, — M,, diagram



